Low back dysfunction is associated in many cases with lumbar lordosis, and tilting the pelvis posteriorly is often recommended for therapeutic purposes. The influence of pelvic tilt on the spinal curves has not been studied. The purpose of this study was to use an objective noninvasive method to determine the effect of the pelvic tilt on the spinal curves in the sagittal plane. Thirty-two healthy subjects and 15 patients with chronic low back dysfunction (CLBD) were studied. Patients with CLBD and healthy subjects were instructed in performing active anterior and posterior pelvic tilt maneuvers, first in the supine and then in the standing position. Comparisons between the Patient Group and the Healthy Group were made for several variables representing the severity of spinal curves, pelvic orientation, hip orientation, and knee orientation. A computerized system, the Iowa Anatomical Position System, was used to obtain coordinates of external body surface landmarks from which pelvic tilt measurements were determined. The results showed that the voluntary pelvic tilt did not alter the thoracic spinal curve. For both the Healthy Group and the Patient Group, the lumbar curve was altered by the pelvic tilt: anterior tilt increased the depth of the lumbar curve and posterior tilt decreased the depth of the lumbar curve. The amount of pelvic tilt was the same whether knees were extended or flexed approximately 10 degrees. Pelvic tilt also tended to influence the orientation of the head and other parts of the body.
Many investigators have assessed the mobility of the lumbar spine and the effect that different trunk positions or lower extremity positions or both have on lumbar lordosis. Little information is available, however, about the ability to correct lumbar lordosis voluntarily as a person stands or sits. Ironically, a commonly prescribed treatment regimen for the millions of people with low back dysfunction includes a pelvic tilt exercise to decrease lumbar lordosis voluntarily. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] The correction is ostensibly accomplished by rotating the upper portion of the pelvis posteriorly in the sagittal plane. The main goals for using pelvic tilt are to strengthen the abdominal muscles and to decrease lumbar lordosis. 10, 13, 14 Typically, the patient is taught to practice tilting the pelvis posteriorly first, in the supine position; then, in the standing position; and finally, during walking. 4, [15] [16] [17] [18] When clinicians give instructions to patients for the posterior pelvic tilt in the supine position, the patient is usually told to flex the knees and hips so that the maneuver is more easily accomplished. Using this line of reasoning, the flexed leg position in standing should also be more effective in reducing the lordotic curve. Available objective evidence fails to answer the question of how much pelvic rotation is possible while standing. Is the amount of lumbar lordotic curvature of a person with low back dysfunction greater than that of one without low back dysfunction? What effect does standing posture have on the ability to rotate the pelvis? Objective information to these questions is needed to assess the effect, advantages, and limitations of using pelvic tilt as a therapeutic procedure for postural correction.
The purpose of this study was 1) to examine differences among anterior, neutral, and posterior tilt of healthy subjects and patients with chronic low back dysfunction (CLBD) for extended and flexed knee positions and 2) to measure the variables representing severity of spinal curves, pelvic orientation, and hip orientation. METHOD Subjects Thirty-two male subjects who had no complaints of back dysfunction within six months preceding data collection and who had not undergone back surgery composed the Healthy Group. The Healthy Group was matched in age by decade to a Patient Group made up of 15 men with an age range of 25 years to 55 years. The mean age for the Healthy Group was 39 years, and the mean age for the Patient Group was 44 years. The Patient Group was composed of those with CLBD who had at least a threeyear history of low back pain and who had experienced low back pain within three months of the laboratory assessment. We excluded patients with spinal fusions, herniated intervertebral disks, lateral curvatures of spine, or known muscle atrophic diseases. The Patient Group was selected randomly from the patients scheduled in the orthopedic clinic. Patients who then consented to participate were scheduled for the laboratory assessment.
METHOD

Subjects
Thirty-two male subjects who had no complaints of back dysfunction within six months preceding data collection and who had not undergone back surgery composed the Healthy Group. The Healthy Group was matched in age by decade to a Patient Group made up of 15 men with an age range of 25 years to 55 years. The mean age for the Healthy Group was 39 years, and the mean age for the Patient Group was 44 years. The Patient Group was composed of those with CLBD who had at least a threeyear history of low back pain and who had experienced low back pain within three months of the laboratory assessment. We excluded patients with spinal fusions, herniated intervertebral disks, lateral curvatures of spine, or known muscle atrophic diseases. The Patient Group was selected randomly from the patients scheduled in the orthopedic clinic. Patients who then consented to participate were scheduled for the laboratory assessment.
Anatomical Position System
We used a noninvasive computerized method, Iowa Anatomical Position System (IAPS), to obtain coordinates for known external body landmarks. The system is made up of three electromechanical units fastened to an inverted Tshape steel frame supported by a heavyduty, adjustable drill press base. Each electromechanical unit is composed of a 10-turn precision (hybrid) potentiometer connected to a drum posterior to an eyelet for the passage of a .03-cm diameter stainless steel cable 330 cm in length. The IAPS probe is a 31-cm steel rod with a plastic handle at one end and a small plastic sphere at the other. Three 74-cm stainless steel cables extend from the probe's tip to each of the electromechanical units. The handle of the probe contained a switch, which signaled the computer for acquisition of coordinates. When the switch was depressed for less than two seconds, a single coordinate was determined.
Pelvic Tilt Instructions
We positioned the subject supine on a plinth with hips and knees flexed and both feet flat on the plinth. We instructed the subject to tighten abdominal and gluteal muscles simultaneously and to press the lumbar spine firmly against the plinth. We judged the subject as correctly completing the posterior pelvic tilt when the tester could not place his hand between the subject's lumbar spine and the surface of the support during three consecutive posterior pelvic tilt maneuvers.
We considered the neutral tilt of the pelvis to be the orientation of the pelvis when the subject assumed the relaxed standing posture. While standing, the subject practiced the posterior pelvic tilt movement. The subject was instructed to tighten his abdominal muscles while squeezing his buttocks together to complete a posterior pelvic tilt in a standing position. The subject was considered able to complete a standing posterior pelvic tilt when the tester observed the subject rotate the anterior part of his pelvis upward three consecutive times on command.
We also instructed the subject in the anterior pelvic tilt. He was told to relax his abdominal muscles and allow his pelvis to rotate in the anterior direction. We judged the subject to complete an anterior pelvic tilt when the tester observed the subject rotate the anterior part of his pelvis downward three consecutive times. We requested the subject to practice the anterior and posterior pelvic tilt movements in a standing position between the first testing session and the second testing session. The same investigator instructed all subjects in the pelvic tilt movements.
Data Acquisition Process
We We obtained a stream of coordinates for the outline of the spinal curves by maintaining the probe on the inion, depressing a control switch, and moving the probe along the cervical spine to C7 before releasing the switch; depressing the switch at C7 and moving the probe along the dorsal spine to T12 before releasing the switch; and depressing the switch at T12 and moving the probe along the lumbar spine to S2 before releasing the switch.
With the subject maintaining position, we unlocked the platform, rotated it 90 degrees clockwise, and relocked it in position. We reestablished the coordinates for the reference point to allow the computer to determine the angle of rotation necessary to transform the body orientation from the coronal to the sagittal plane. We determined coordinates for the anatomical landmarks using the IAPS probe in the following sequence: 1) fifth metatarsal head, 2) lateral malleolus, 3) lateral femoral epicondyle, 4) greater trochanter, 5) anterior superior iliac spine, 6) lateral posterior corner of the acromion process, 7) tragus, and 8) superior lateral edge of the orbita.
The same order of obtaining coordinates for anatomical landmarks was 
Variables Measured
We obtained angular measurements for seven anatomical angles in the three pelvic positions for both standing pos tures to assess pelvic motion and its influence on body posture (Fig. 1) .
To express changes in cervical, tho racic, and lumbar spinal curve segments with respect to postural and pelvic po sition changes, we determined depth of lordotic curvatures. Straight lines pass ing from the inion (I) to C7 (d I-C7 ), C7 to T12 (d c7-T12 ), and T12 to S2 (d T12-s2 ) represented size of spinal curve seg ments and were constructed by an Interdata minicomputer (Fig. 2) 
Data Analysis
We analyzed the ratios and angles using an analysis of variance (ANOVA) test with split level, three-factor, ran domized block design (Fig. 3) . We used a p value of ≤.05 in the analysis and performed the Duncan's Multiple Range test on the data to determine if the differences were large enough to be statistically significant.
Accuracy of Measurement System
The accuracy of the IAPb is expressed as a ratio of the algebraic difference between the measured IAPS coordinate and the known coordinate to the full scale output, expressed as a percentage. We determined the accuracy of a meas urement field large enough to accom modate a person in the standing posi tion. The dimensions of the field were 91 cm x 91 cm x 200 cm. We placed a 61-cm x 61-cm x 9-cm pegboard mounted on a plywood platform in the middle of the measuring field with its center 150 cm from the base of the IAPS. Using a micrometer caliper for measurement, the mean and standard deviation of the distance between the holes in the pegboard was 3.2 cm (± .02); this deviation demonstrated low variability for the distance between holes. We chose the coordinates of 10 holes on the pegboard. With the IAPS and pegboard leveled, we suspended a plumb line with seven calibrated marks and centered it over each location. We determined the X and Z coordinates with the IAPS for 64 different points and the Y coordinate for 54 different points within the measuring area.
Using this test, we found the accuracy (measurement error) of the IAPS for the entire measurement field on the X axis was 1.0 percent, the Y axis was 0.3 percent, and the Z axis was 2.6 percent, with mean errors of 0.2 cm on the X axis, 0.2 cm on the Y axis, and 0.3 cm on the Z axis.
Reproducibility for Measuring Known Coordinates
Validity. The validity of the lumbar depth ratio was determined by correlating the measure acquired by the IAPS and the Cobb's angle (angle formed by intersecting lines from the base of the D12 vertebral body and top of S1) as obtained from roentgenograms of five subjects. The correlation coefficient between the two sets of measures was .75, which demonstrated that the IAPS provided a good index of the nature of the lordotic curve.
Reliability. The ability to repeat measurements of known coordinates was determined for the measurement field. The repeatability was extremely high as reflected by a correlation coefficient of .99 for the X, Y, and Z axes.
For intraday test and retest (approximately 30 minutes apart), we measured the 32 healthy subjects on the same day. For the same 32 men, we obtained interday test and retest measurements (three to four days apart) on different days. Results of a paired t test did not reveal any significant differences between the intraday test-retest measurements or between interday test-retest measurements. Correlation coefficients (r) for the majority of test-retest measurements were high with the exception of the angle of the sacrum and the lo- cation to the deepest portion of the cervical curve. The intraday and interday reliability data appear in the Table. With six out of seven variables having an intraday correlation coefficient above .80 and the same six variables having an interday correlation above .70, we believed the IAPS method for determining postural changes was dependable. Depth of thoracolumbar curve was the one variable that demonstrated the lowest correlation coefficient for intraday and interday reliability. Because of the small range of D L variability among healthy subjects, this low r might be expected. The magnitude of the change in the absolute depth value was small but within the accuracy of the IAPS.
RESULTS
We found no significant differences between the D L for the Healthy Group and Patient Group (Figs. 4 and 5) . The flexed knee position tended to flatten the lordotic curve. Both the Healthy Group and Patient Group were able to rotate their pelvis a sufficient amount to change the thoracolumbar curve (Fig.  6) . Pelvic rotation or pelvic tilt did not alter the configuration of the thoracic spinal curve. For the extended knee position, the postures of anterior and neutral pelvic tilt were not significantly different. The posture assumed during posterior pelvic tilt was significantly different (p < .05) from the neutral and anterior pelvic tilt postures. With the knees flexed 10 degrees, the posture assumed during neutral pelvic tilt was not significantly different from those assumed during either anterior or posterior pelvic tilt, but anterior pelvic tilt produced a posture significantly different (p < .05) from that associated with posterior pelvic tilt. The orientation of the pelvis during the neutral, posterior, and anterior pelvic tilts was not significantly affected by flexing the knee 10 degrees (Fig. 6) .
When we compared the results of the Healthy Group with those of the Patient Group, the only significantly different measurement (p < .05) was the mean pelvifemoral angle or amount of hip flexion while standing. The Patient Group stood with hips in a greater amount of flexion (Fig. 7) .
Other body segments seemed to be affected by the pelvic tilt maneuvers, indicating that muscles and limb segments do not act in isolation. For example, the average sagittal plane rotation of the head was 4 degrees when the pelvic tilt was voluntarily performed. The head and neck flexed (about 4°) during the anterior pelvic tilt and extended (about 4°) during the posterior pelvic tilt.
DISCUSSION
Tilting the pelvis posteriorly decreased the absolute depth of the lumbar curve, and tilting the pelvis anteriorly increased the absolute depth of the lumbar curve. (This relationship supported the basic principle that rotating the pelvis posteriorly can decrease the lumbar curve.) The results also demonstrated that a person properly trained in a pelvic tilt maneuver can voluntarily rotate his pelvis a sufficient amount to alter the lumbar lordotic curve. Instructing the subjects to flex their knees 10 degrees while completing the posterior pelvic tilt may not have increased the effect of the pelvic tilt. We did not assess the ability of a subject to maintain a posterior pelvic tilt during walking. Boynton reported average depth ratios for the lumbar curve ranging from 0.192 for full active extension to 0.048 for full active flexion of the trunk in 50 women (unpublished thesis, 1934). The subjects were in a natural standing position ready for roentgenograms. In our study, the average ratios were 0.079 for subjects performing the anterior pelvic tilt and 0.52 when they performed the posterior pelvic tilt (extended knees postion). Al though association between the two studies may be confounded by the gender differences, for upright standing the lumbar curve appears to be oriented more toward the maximal trunk flexed position than toward the maximal extended position. The change in the absolute depth of the lumbar curve in this study was probably not reflected in equal angular changes among each of the vertebrae that comprise the curve. Lindh reported marked reduction of the lordotic lumbar curve (Cobb's angle) with forced posterior rotation of the pelvis in women with scoliosis. 19 Using roentgenograms, the angular change of the lumbar curve has not been determined for men completing a posterior pelvic tilt. We may safely assume, however, that the individual vertebral rotation would follow the trends described by Lindh, whereby the majority of the lumbar curve motion occurred at L4-5 and L5-S1 segments. From the cephalad point to L4, the lumbar vertebrae tended to maintain their basic relationship to one another.
The data exhibited an inverse relationship with the lumbar curve length (d T12-s2 ) and the thoracic curve length (d c7-T12 ) during the posterior pelvic tilt. As the pelvis rotated posteriorly, the thoracic area was rotated in the anterior direction by the abdominal muscles. Therefore, the length of the lumbar segment increased, and the cord length between C7 and T12 decreased. In our study, minimal thoracic spine movement in flexion and extension occurred during anterior and posterior pelvic tilt. For both healthy subjects and subjects with CLBD, the maximum change in thoracic curve depth was less than 0.3 cm when the anterior and posterior pelvic tilt were executed. This minimal movement suggests that physical therapists may need to consider alternative exercises to effect postural changes in the thoracic curve.
Kapandji, 20 White and Panjabi, 21 tients with CLBD have a greater anterior pelvic tilt in posture than those without CLBD. Nor does this study support the concept that male patients with CLBD have a greater lumbar lordosis than healthy men. One clinical implication for this result is that indiscriminate training of patients with CLBD in the posterior pelvic tilt exercise to decrease lumbar lordosis is not justified. Rotating the pelvis posteriorly may provide other benefits that are more important than the need to decrease the amount of lumbar lordosis. For example, Nachemson 23 reported that tilting the pelvis posteriorly increased intra-abdominal pressure, which provided structural stability to the spine.
We found a significant difference between the means for the pelvifemoral angle of the Healthy Group (52.5°) and the Patient Group (59.3°). The implication is that the Patient Group had significantly more hip flexion for relaxed standing posture than the Healthy Group. The mean clinical measurement of the pelvifemoral angle was similar for both groups and corresponded to the IAPS pelvifemoral measurement in standing. Because of the pain, the patient with CLBD might be flexing at the hip to maintain his spine in a pain-free position. Whatever the case, we believe examination of the hip joints in patients with low back dysfunction would be prudent.
SUMMARY
While standing, all study subjects were able to rotate the pelvis voluntarily in the sagittal plane, which affected the lumbar lordotic curve, hip position, and head position. The thoracic curve was not affected by the pelvic rotation. The only significant difference between the results of the Healthy Group and the Patient Group was that the Patient Group stood with a greater amount of hip flexion.
